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ABSTRACT 


The  interaction  of  par ahydroxybenzoic  acid 
esters  (parabens)  with  bovine  serum  albumin  has  been  in¬ 
vestigated  by  means  of  equilibrium  dialysis,  solubility 
and  spectrophotometr ic  techniques. 

The  effects  of  temperature  and  pH  on  the  binding 

behavior  were  studied.  The  degree  of  binding  increased 

from  methyl  to  ethyl  to  propyl  to  butyl  to  hexyl  to 

heptylparaben  and  the  binding  increased  as  the  temperature 

was  increased.  It  was  found  that  the  interactive  tendency 

increased  as  the  pH  was  raised  from  4  until  a  maximum  was 

achieved  at  pH  7.6  +_  0.2,  after  which  a  marked  decrease 

in  binding  occurred.  The  binding  constants  and  the  number 

of  binding  sites  on  the  protein  were  obtained  from  the 

o 

dialysis  data  and  free  energy  change,  &F  ;  enthalpy  change, 
o  o 

&  H  and  entropy  change,  AS  were  computed.  The  driving 
force  for  the  interaction  was  derived  from  hydrophobic 
bonding.  The  participation  of  other  types  of  interaction 
forces  are  suggested  also. 

Correlation  of  the  binding  data  with  the  biolo¬ 
gical  activity  of  methyl  and  propylparaben  was  studied  by 
an  in  vitro  microbiological  procedure  employing  Aspergillus 
niger  as  a  test  organism.  It  was  demonstrated  that  the 
antifungal  activity  of  methyl  and  propylparaben  was  pri¬ 
marily  a  function  of  free  drug. 
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INTRODUCTION 


The  ability  of  plasma  proteins  to  reversibly 
bind  numerous  small  molecules  and  ions  has  been  inves¬ 
tigated  extensively  (1) .  Most  of  the  drugs  studied  have 
been  found  to  interact  primarily  with  the  albumin  frac¬ 
tion  of  plasma  proteins  (1) .  Although  a  great  majority 
of  the  earlier  reports  were  of  a  qualitative  nature,  attempt 
have  been  made  in  recent  years  to  quantify  the  data  with 
an  ultimate  aim  of  elucidating  the  nature  of  the  equi¬ 
libria  and  forces  involved  in  the  drug-macromolecular 
interaction  (2-4) .  With  the  advancement  of  the  theo¬ 
retical  knowledge  of  these  interactions,  considerable  re¬ 
search  has  been  conducted  on  the  binding  of  salicylates 
(5,6),  sulfonamides  (7,8),  penicillins  (9),  xanthines  (10) 
and  other  therapeutic  agents  with  serum  albumins. 

In  their  extensive  reviews,  Goldstein  (1) ,  and 
Brodie  and  Hogben  (11)  have  discussed  the  importance  of 
drug-protein  association  on  the  transport,  distribution, 
metabolism  and  elimination  of  medicinal  agents.  Fur¬ 
thermore,  there  appears  to  be  a  direct  relationship 
between  the  pharmacologic  activity  of  many  drugs  and 
their  ability  to  combine  with  specialized  functional 
proteins.  The  investigation  of  the  factors  involved  in 
such  interactions  may  shed  some  light  on  the  understanding 
of  drug  action. 


2 


Interactions  of  some  benzoic  acid  derivatives 
(12)  and  phenol  (13)  with  serum  protein  albumin  have 
attracted  much  attention.  Davison  and  Smith  (6)  have 
studied  the  binding  of  hydroxy  and  aminobenzoic  acids 
with  bovine  serum  albumin  (BSA) .  Patel  and  Murray  (14) 
demonstrated  a  rather  high  degree  of  binding  of  o-chloro- 
benzoic  acid  by  BSA.  Protein  binding  has  been  shown  to 
be  influenced  by  the  degree  of  ionization  and  the  size 
of  anion  (15) .  Thus,  an  anion  with  a  fairly  large  non¬ 
polar  residue  has  imparted  an  increased  binding  capacity 
for  BSA  (15)  . 

Both  textbook  and  reference  work  (16-18)  indi¬ 
cate  a  significant  loss  of  biological  activity  of  some 
antimicrobial  agents  in  the  presence  of  protein  materials, 
possibly  due  to  the  binding  phenomena.  Aalto  e_t  al .  (19) 

reported  that  antimicrobial  activity  of  jD-hydr oxybenzoate 
esters  was  slightly  lower  in  the  presence  of  human  serum. 
Patel  and  Taylor  (20)  found  that  the  _in  vitro  antifungal 
activity  of  methylparaben  was  primarily  a  function  of  un¬ 
bound  or  free  drug. 

The  purpose  of  this  investigation  was  to  de¬ 
termine  the  relative  binding  affinities  between  a  series 
of  p-hydroxybenzoic  acid  esters  (parabens)  and  bovine 
serum  albumin.  On  this  basis,  experiments  were  con¬ 
ducted  in  order  to  determine  the  following: 


a)  The  binding  constants  for  paraben-BSA  in- 
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teraction  for  the  purpose  of  computing  various 
thermodynamic  functions,  such  as  free  energy 
change,  enthalpy  change  and  entropy  change  of 
the  system. 

b)  The  influence  of  various  hydrogen  ion  concen¬ 

trations  on  the  par aben-pr ote in  interaction. 
Equilibrium  dialysis,  solubility  and  spectro- 
photometric  techniques  were  employed  to  investigate  the 
interaction  of  parabens  with  BSA. 

It  was  also  the  purpose  of  this  study  to  de¬ 
monstrate  that  the  antimicrobial  activities  of  methyl  and 
propylparaben  were  primarily  a  function  of  free  or  unbound 
drugs  by  means  of  an  _in  vitro  microbiological  procedure. 


LITERATURE  REVIEW 


The  binding  of  drugs  to  plasma  protein  has 
attracted  attention  since  the  earliest  days  of  chemotherapy. 

As  early  as  1904,  Moore  and  Roaf  (21,22)  demonstrated  that 
chloroform,  ether  and  other  volatile  compounds  were  more 
soluble  in  serum  than  in  saline  solution  and  they  sug¬ 
gested  that  this  was  due  to  interactions  of  these  agents 
with  the  plasma  proteins.  In  1906,  Busk  (1)  reported  that 
serum  changed  the  toxicity,  dif fusibility ,  fluorescence  or 
light  absorption  and  solubility  of  certain  dyes.  These 
phenomena  he  attributed  to  the  formation  of  dye-albumin 
complexes . 

Since  Davis  (23)  postulated  that  the  bound  frac¬ 
tion  of  sulphonamide  probably  was  devoid  of  bacteriostatic 
action,  an  extensive  survey  has  been  made  to  find  correla¬ 
tion  between  the  biological  activity  and  the  degree  of  bind¬ 
ing.  Tompsett  ejt  al .  (24)  ,  Quinn  (25)  and  Anton  (8)  found 

that  the  magnitude  of  reduction  in  antibacterial  activity  of 
penicillins  and  sulfadrugs  caused  by  serum  albumin  was  roughly 
in  proportion  to  the  degree  of  binding. 

Kostenbauder  and  associates  (26-29)  have  published 
a  series  of  articles  concerning  the  magnitude  of  intermole- 
cular  association  between  preservatives  and  several  macro¬ 
molecules.  Employing  a  dialysis  technique  as  well  as  solu¬ 
bility  studies,  they  demonstrated  that  at  a  constant  tem¬ 
perature,  the  degree  of  intermolecular  association  was  a 
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function  of  both  the  concentration  of  free  or  unbound 
raethy lpar aben  and  the  concentration  of  polysorbate  80  . 

Pisano  and  Kostenbauder  (27)  conducted  a  microbiological 
investigation  to  determine  the  minimum  inhibitory  con¬ 
centration  of  methylparaben  for  Aer obacter  aerogenes  and 
Aspergillus  niger  in  control  media  and  in  media  containing 
several  concentrations  of  polysorbate  80.  From  these 
studies  (26,27)  they  concluded  that  the  preservative  ac¬ 
tivity  of  methylparaben  in  the  presence  of  polysorbate  80 
was  primarily  a  function  of  concentration  of  the  unbound 
par aben . 

Patel  (30)  extended  the  studies  to  correlate 
the  binding  data  with  the  antimicrobial  activity  of  se¬ 
veral  preservatives.  He  found  that  the  antifungal  ac¬ 
tivities  of  butylparaben,  chlorocresol,  propylparaben, 
ethylparaben ,  methylparaben,  phenol,  sorbic  acid  and  de- 
hydroacetic  acid  for  Aspergillus  niger ,  and  Aerobacter 
Aerogenes ,  in  the  presence  of  macromolecules  of  the  poly¬ 
oxyethylene  type,  were  also  primarily  a  function  of  unbound 
preservative . 

Although  the  binding  of  drug  to  serum  protein 
would  appear  to  be  undesirable  since  drug  activity  is 
often  suppressed,  it  can  in  some  instances  be  shown 

* 

Polyoxyethylene  (20)  sorbitan  monooleate.  Marketed 
as  Tween  80  by  Atlas  Chemical  Industries,  Canada,  Ltd., 
Brantford,  Canada. 
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to  be  benificial.  For  example,  the  bound  drug  may  pro¬ 
vide  a  reservoir  which  is  converted  into  the  active  free 
form  as  needed  to  maintain  a  constant  blood  level  over 
extended  periods  of  time.  Suramine,  an  aromatic  poly¬ 
amide  with  peripheral  sulphate  and  carboxyl  groups, 
strongly  binds  with  plasma  proteins.  The  complex  acts 
as  a  reservoir  to  release  the  drug  slowly  and  exert  its 
anti-trypanosome  action  over  a  period  of  weeks  or  months 
following  a  single  dose  (31)  . 

Substances  which  are  capable  of  associating 
at  the  same  site  on  proteins  may  compete  with  each  other 
for  binding  preference  (  32  ) .  This  phenomenon  may  have 
physiological  significance.  A  given  dose  of  drug  would  be 
expected  to  exhibit  increased  potency  if,  at  the  same 
time,  another  agent  were  also  administered  which  would 
compete  more  strongly  for  the  serum  protein  binding  sites. 
Since  the  bound  fraction  of  the  drug  is  generally  con¬ 
sidered  to  be  without  pharmacological  effect,  the  com¬ 
petition  would,  in  effect,  raise  the  available  concen¬ 
tration  of  medicament.  Kunin  (32)  studied  the  inhibi¬ 
tors  of  penicillin  binding  to  serum  proteins.  Almost 
250  compounds  which  consisted  of  various  penicillins 
and  their  constituent  groups,  sulfonamides,  salicylates, 
benzoic  acid  derivatives,  cxazoles  and  other  compounds 
were  tested  as  serum-binding  displacing  agents.  Peni¬ 
cillin  G  was  more  readily  displaced  than  penicillin  V 
or  ancillin  from  serum  protein. 


* 

» 
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Recently  it  was  shown  that  due  to  the  presence 
of  bovine  albumin,  the  antibacterial  activity  of  a  highly 
bound  sulfonamide  was  increased  13-fold  when  phenylbu¬ 
tazone  was  present  during  incubation  (8) .  This  indi¬ 
cated  that  phenylbutazone  displaced  the  bound  sulfona¬ 
mide  from  albumin. 

To  reach  its  site  of  action  in  the  body,  a 
therapeutic  agent  must  first  penetrate  a  succession  of 
cellular  membranes.  The  plasma  protein  and  its  atta¬ 
ched  drugs  cannot  diffuse  across  the  membranes  (33)  .  For 
this  reason  only  the  unbound  drug  in  plasma  will  equili¬ 
brate  with  drug  in  the  protein-free  fluid  on  the  other 
side  of  the  membrane.  Smith  ejt  _al.  (34)  reported  that 
the  salicylate  ion  was  bound  up  to  80%  in  normal  plasma. 
This  extensive  binding  probably  contributed  to  its  slow 
penetration  into  the  brain. 

Numerous  studies  have  been  conducted  to  de¬ 
monstrate  the  binding  of  therapeutic  agents  by  serum  al¬ 
bumin.  Among  the  drugs  which  have  been  reported  to  be 
bound  by  serum  albumin  are  tetracycline  (35) ,  rifamy- 
cin  (36) ,  novobiocin  (37)  and  steroids  (38) . 

Several  demonstrations  showed  the  importance 
of  protein  binding  in  effecting  excretion  with  the  un¬ 
bound  fraction  of  drug  considered  to  be  readily  filtered 
through  the  glomeruli  (39,40).  Brodie  and  Hogben  (11) 
have  suggested  that  the  long  duration  and  very  slow  rate 
of  metabolic  degradation  that  characterize  some  drugs  in 


- 
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man  were  the  result  of  the  protective  binding  by  serum. 
The  rapid  excretion  of  salicylamide  correlates  well  with 
its  negligible  binding  in  contrast  to  the  longer  biolo¬ 
gical  half-life  of  salicylic  acid. 

Mahy  methods  such  as  solubility  (41-43)  equi¬ 
librium  dialysis  (2) ,  spectrophotometry  (44-46) ,  ultra¬ 
filtration  (47)  and  electrophoresis  (48,49)  have  been 
devised  for  examination  of  the  interaction  of  proteins 
with  small  molecules.  The  most  widely  used  procedure 
is  the  equilibrium  dialysis  technique.  In  this  proce¬ 
dure  a  vessel  is  divided  into  two  components  by  an  es¬ 
pecially  prepared  membrane  which  is  impermeable  to  the 
protein  molecules  but  fully  permeable  to  the  small  mo¬ 
lecules.  If  the  protein  is  confined  to  one  compart¬ 
ment  and  if  it  binds  to  some  of  the  small  molecules, 
the  concentration  of  small  molecules  in  the  protein  com¬ 
partment  will  exceed  that  in  the  protein-free  chamber. 

The  difference  between  these  two  concentrations  is  a 
measure  of  the  concentration  of  bound  molecule.  The 
usefulness  of  the  dialysis  method  for  demonstrating 
protein  interaction  with  salts  was  appreciated  at  least 
a  half-century  ago  (50). 

The  solubility  method  is  suitable  only  with  a 
substance  of  relatively  limited  solubility.  When  a 
solute  in  solution  is  in  equilibrium  with  its  pure  phase, 
crystalline  or  liquid,  its  thermodynamic  activity  is 
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fixed.  In  a  specified  solvent  at  a  fixed  temperature, 
its  concentration  is  also  fixed.  If  protein  is  added 
to  the  solution  and  if  some  of  the  solute  is  bound  by 
the  protein,  the  total  quantity  of  dissolved  solute  will 
increase  to  compensate  for  the  bound  quantity.  The  amount 
of  bound  molecule  may  be  equated  to  the  increase  in  solu¬ 
bility  (2)  . 

Much  less  frequently  used  than  dialysis  and 
solubility  techniques  is  the  spectrophotometr ic  deter¬ 
mination  of  small  molecule-protein  complexat ion .  This 
method  is  dependent  upon  the  detection  of  the  distur¬ 
bance  to  the  chromophoric  system  of  the  small  molecule 
in  complexation  because  the  bound  molecules  are  in  a 
different  environment  than  in  an  aqueous  solution  (51) . 
This  disturbance  is  manifested  by  hypochromic,  hyper- 
chromic,  bathochromic  or  hypsochromic  effect  in  the 
spectra  of  the  system.  The  changes  in  spectra  may  be 
used  to  calculate  the  extent  of  binding.  By  measuring 
the  degree  of  hypochromism  which  increased  as  the  con¬ 
centration  of  protein  was  increased,  Klotz  (44,51)  was 
the  first  to  make  the  fullest  use  of  this  method  to 
study  the  extent  of  protein-small  molecule  interaction. 
Recently,  attention  has  been  concentrated  on  the  expla¬ 
nation  of  the  reasons  for  spectral  changes  in  the  pro¬ 
tein-small  molecule  complex.  Hydrogen  bonding  (46,52) 
electrostatic  effect  (53)  and  hydrophobic  bonding  (54) 
have  been  proposed  as  the  factors  which  contributed  to 
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the  spectra  changes.  This  optical  method  is  limited 
largely  to  studies  of  the  interaction  of  protein  with 
colored  molecules  (2) .  Absorption  in  the  near  ultraviolet 
has  been  utilized;  however,  below  300  mu,  most  proteins 
are  absorbed  strongly,  and  appropriate  corrections  be¬ 
come  more  difficult. 

Guttman  and  Gadzala  (46)  have  investigated  the 
interaction  of  xanthine  derivatives  with  bovine  serum  al¬ 
bumin.  The  binding  was  pH  dependent  and  the  structural 
modification  of  the  small  molecule  had  a  pronounced  in¬ 
fluence  on  the  degree  and  nature  of  the  binding.  Their 
results  indicated  that  a  rather  specific  orientation  of 
the  protein  molecule  was  required  for  optimum  interac¬ 
tion.  Expansion  or  other  changes  in  configuration  re¬ 
sulting  from  pH  or  temperature  changes  resulted  in  de¬ 
creased  binding. 

The  structure  of  small  molecules  had  a  pro¬ 
nounced  effect  on  protein  binding.  The  binding  of  a 
series  of  benzoic  acid  derivatives  had  been  studied  by 
Davison  and  Smith  (6) ,  with  the  finding  that  the  car¬ 
boxylic  acid  group  conferred  primary  binding  capacity 
upon  the  compounds  and  the  presence  of  hydrogen  donors 
in  the  ortho  position  enhanced  this  capacity.  Parti¬ 
cularly  interesting  examples  were  those  in  which  the  hy¬ 
drogen  donor  substituent  was  shifted  from  the  ortho  to 
the  para  position  in  a  benzene  ring.  Thus  o-aminoben- 
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zoate  ion  was  bound  more  strongly  by  serum  albumin  (51) 
than  was  £-aminobenzoate.  Similarly,  o-hydroxyphenyl 
acetate  showed  greater  affinity  for  albumin  (55)  than 
did  the  corresponding  para  compound.  If  the  second 
substituent  was  not  a  hydrogen  donor,  the  difference  bet¬ 
ween  ortho  and  para  isomers  disappeared.  Thus  _o-chloro- 
benzoate  and  _p-chlorobenzoate  formed  complexes  with  al¬ 
bumin  of  roughly  equal  stability  (51) .  The  greater  affi¬ 
nity  of  the  ortho  substituted  hydroxybenzoate  or  amino- 
benzoate  ion  probably  was  due  to  less  competition  between 
the  protein  and  the  solvent  water.  An  intramolecular  hy¬ 
drogen  bond  is  formed  in  these  compounds  so  that  the  -OH 
or  -N^  group  does  not  interact  strongly  with  solvent  water 
molecules.  On  the  other  hand,  in  the  corresponding  para 
derivatives,  the  position  of  the  -OH  or  -NH^  group  pre¬ 
cludes  formation  of  an  internal  hydrogen  bond.  Since 
hydrogen  linkage  may  then  form  readily  with  water  molecules, 
these  ions  would  be  subject  to  a  greater  attraction  than 
would  their  corresponding  ortho  compound. 

Boyer  et  _al.  studied  the  influence  of  molecular 
weight  of  the  small  molecules  on  the  drug-protein  interaction 
in  case  of  azobenzenes  to  which  various  aliphatic  side 
chains  were  attached.  It  was  found  that  a  smooth  increase 
in  binding  occurred  as  the  chain  length  was  increased  from 
butylate  to  caproate  to  caprylate  to  caprate. 

With  the  large  number  of  possible  binding  points 
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on  the  protein  molecule,  much  attention  has  been  directed 
toward  explaining  the  type  of  intermolecular  forces  that 
might  be  responsible  for  the  interactions.  Serum  albumin 
can  attract  small  molecules  by  forces  of  association  bet¬ 
ween  ions,  polar  groups  and  non-polar  groups  and  that  more 
than  one  of  these  forces  can  be  involved  in  a  single  com¬ 
bination.  Any  single  explanation  can  not  satisfactorily 
explain  the  binding  of  all  small  molecules  and  a  number 
of  factors  whether  alone  or  in  combination,  including  hy¬ 
drogen  bonding  (56-58),  ionic  attractive  force  (59),  van 
der  Waals  forces  (3,60)  and  hydrophobic  bonding  (61),  play 
an  important  role  in  the  drug-protein  interactions. 

Since  about  40%  of  the  total  amino  acids  in  most 
proteins  have  non-polar  side  chains,  it  might  be  expected 
that  the  hydrophobic  bond  might  play  an  important  role  in 
drug-protein  interaction  (62) .  Very  recent  studies  of  the 
increased  solubility  of  hydrocarbon  gases  in  protein  solu¬ 
tions  over  their  solubility  in  aqueous  buffers  demonstrated 
clearly  the  importance  of  hydrophobic  interaction  (63)  . 

In  formulating  their  views  on  hydrophobic  bonding,  Nemethy 
and  Scheraga  (62)  indicated  thermodynamic  parameters  to 
explain  the  transfering  of  various  types  of  amino  acid 
side  chains  from  water  to  a  non-pclar  environment.  A 
hydrophobic  bond  is  considered  to  be  formed  when  two  non¬ 
polar  groups  come  into  contact,  thereby  decreasing  the  ex¬ 
tent  of  the  interaction  with  surrounding  water.  This  was 
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first  pointed  out  by  Kauzmann  (64)  who  introduced  the 
term  hydrophobic  bond  to  represent  the  attractive  forces 
responsible  for  the  tendency  of  the  non-polar  residues  to 
avoid  contact  with  the  aqueous  phase  and  to  adhere  to  one 
another  in  the  form  of  an  intramolecular  micelle. 


/ 


EXPERIMENTAL 


Reagents 

Bovine  serum  albumin,  fraction  V  (BSA) ,  pur¬ 
chased  from  the  Armour  Pharmaceutical  Co.  (lots  B24011 
and  D25901) ,  was  used  throughout  this  study.  The  moisture 
content  of  protein  was  determined  by  drying  to  constant 
weight  at  105°.  A  value  of  3.4  per  cent  was  found,  which 
was  employed  to  calculate  the  actual  protein  content.  The 
value  of  69,000  was  used  as  the  molecular  weight  of  this 
protein  (65) .  The  following  compounds  were  recrystallized 
from  a  water-ethanol  mixture:  methyl  jD-hydroxybenzoate^ , 
mp  125-126° ;  ethyl  p-hydr oxybenzoate ^ ,  mp  115-116°;  propyl 
p-hydroxybenzoate^ ,  mp  95-96°;  butyl  p-hydroxybenzoate^- ; 
mp  68-69°;  hexyl  p-hydroxybenzoate^  mp  51-52°;  and  heptyl 

p-hydroxybenzoate  47-48°.  Reagent  grade  acetic  acid  ,  so- 

2  2 
dium  acetate  ,  monobasic  potassium  phosphate  ,  dibasic  po- 

2  2  2 

tassium  phosphate  ,  boric  acid  ,  sodium  borate  and  potassium 

3  4  3 

chloride  ,  dextrose  (anhydrous),  sodium  chloride  ,  magnesium 

3  4 

sulfate  ,  ammonium  dihydrogen  phosphate  were  used  to  prepare 

the  buffer  solutions  or  culture  medium.  All  paraben  and  pro- 
tein  solutions  were  prepared  immediately  prior  to  use. 

^"Methyl,  ethyl,  propyl,  butyl,  hexyl,  and  heptyl 
parasept,  purified,  Tenneco  Chemicals,  Inc.,  New  York,  N.Y. 

^Allied  Chemical,  New  York,  N.Y. 

^The  McArthur  Chemical  Co.,  Montreal,  Quebec. 

4  .  . 

British  Drug  Houses  Laboratory  Reagent. 
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Equilibrium  Dialysis  Studies 

The  general  approach  and  technique  employed  in 
this  study  were  essentially  the  same  as  those  employed  by 
Patel  and  Foss  (66) ,  in  studying  the  interaction  of  phar¬ 
maceuticals  with  macromolecules,  with  the  exception  that 

5 

seamless  cellulose  membranes  were  employed  in  the  present 
work.  The  membranes  were  placed  in  water  and  heated  to  90° 
for  one  hour,  then  washed  with  distilled  water  several  times 
in  order  to  remove  contaminating  substances  in  the  cello¬ 
phane  (8)  . 

6 

The  dialysis  cells  consisted  of  two  Plexiglass 
blocks  measuring  7.6  by  7.6  by  1.9  cm  with  each  half  con¬ 
taining  a  cylindrical  cavity  of  12  ml  capacity,  3.4  cm  in¬ 
ternal  diameter  and  1.3  cm  depth.  Access  to  the  cavity  was 
provided  by  threaded  Plexiglass  plugs.  The  cells  were  assem¬ 
bled  by  placing  a  small  square  of  cellophane  membrane  appro¬ 
ximately  4  by  4  cm  over  the  cavity  and  then  clamping  the  two 
blocks  together  with  stainless  steel  head  bolts  and  wing  nuts. 

Ten  millilitres  of  appropriate  solutions  were  then  pipetted 

7 

into  each  cavity  and  the  stoppers  fitted  with  0-nngs  were 


Dialyzer  Tubing,  Fisher  Scientific  Co.,  Fair  Lawn, 

N.J. 

0 

Methyl  Methacrylate,  Rohm  and  Haas  Co.,  Philadelphia, 


Pa. 

7 

National  0-Rings,  Division  of  Federal  Mobile  Ser¬ 
vice,  Detroit,  Michigan. 
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screwed  tightly.  The  cells  were  then  agitated  in  an  Aminco 

water  bath  ,  equipped  with  a  rotational  shaker  ,  at  a  desired 

o 

temperature,  +_  0 . 1  ,  until  equilibrium  was  established.  Time 
sufficient  to  ensure  equilibrium  was  ascertained  by  placing 
a  control  cell  which  contained  a  buffer  solution  in  place 
of  the  protein  solution.  An  identical  concentration  of  the 
drug  on  both  sides  of  the  membrane  was  indicative  of  equili¬ 
brium.  Equilibrium  was  established  at  the  end  of  16  hours 
in  all  cases. 

Assymetry  in  the  distribution  of  the  small  mole¬ 
cule  may  be  obtained  due  to  the  Donnan  effect  for  which  an 
ionic  strength  of  0.16  is  large  enough  to  render  this  effect 
negligible  (67) .  Thus  all  the  buffer  solutions  were  adjusted 
to  a  value  of  0.16  by  addition  of  KC1. 

Study  at  Different  Temperatures.  Because  the  pH 

of  plasma  is  7.4,  the  experiments  were  conducted  at  pH  7.4 

using  phosphate  buffer.  The  temperatures  of  30.0°  for  all 

o  o 

parabens,  also  10.0  for  methylpar aben  and  20.0  for  ethyl, 

propyl,  and  butylparaben  were  used.  For  most  of  the  ex- 

-4 

periments,  a  protein  concentration  of  1.0  x  10  M  was  used. 


Constant  Temperature  Laboratory  Bath,  American 
Instrument  Co.  Inc.,  Silver  Spring,  Md . 

¥ 

Designed  by  Dr.  N.K.  Patel  and  manufactured  by 
the  Machine  Shop,  University  of  Alberta. 


. 
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In  addition,  a  protein  concentration  of  2.5  x  10  M  was  also 
used  for •  propylparaben . 

Study  at  pH  6.6.  This  part  of  the  binding  data 

o 

was  collected  at  pH  6.6  and  at  30  to  approximate  conditions 
utilized  in  a  previous  microbiological  study  (30) ,  since  it 
was  the  object  of  this  experiment  to  correlate  the  binding 
data  with  the  microbiological  work.  The  initial  concentration 
ranges  of  methyl  and  propylparaben  were  selected  on  the  basis 
of  obtaining  free  antimicrobials  comparable  to  their  inhi¬ 
bitory  concentrations  in  the  presence  of  0.1  mM  BSA. 

Binding  of  Propylparaben  with  Various  Concen¬ 
trations  of  BSA .  The  experiments  were  conducted  at  pH  7.4 
and  30.0°.  An  acetate  buffer  was  employed  for  the  pH  range 
of  4  to  5;  phosphate  buffer  for  pH  6  to  8;  borate  buffer  for 

pH  8  to  9.  The  initial  molar  concentrations  of  methyl,  ethyl, 

-3  -3 

propyl,  and  butylparaben  were  2.63  x  10  ,  2.41  x  10  ,  2.22 

x  10“3  respectively. 

Solubility  Studies. 

Due  to  the  low  water  solubilities  of  hexyl  and 
heptylparaben ,  the  solubility  method  was  used  to  evaluate 
the  interaction  between  these  parabens  and  BSA. 

Excess  quantities  (0.1  g)  of  parabens  were  placed 
in  15  ml  vials  containing  10  ml  of  varying  concentration  of 
BSA  solutions.  A  control  vial  was  included,  differing  from 


. 
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the  others  in  having  10  ml  of  buffer  solution  instead  of 
the  protein  solution.  The  vials  were  sealed  with  aluminum 
foil,  and  closed  tightly  with  the  screw  caps.  They  were 
agitated  in  the  water  bath  at  30.0°  for  a  period  of  24  hours. 
At  the  end  of  this  period,  the  vials  were  allowed  to  stand 
for  1  hour  in  the  water  bath  to  settle  down  the  excess  of 
parabens  before  carrying  out  the  analytical  procedure. 

Spectrophotometr ic  Studies 

Spectrophotometr ic  examination  of  paraben-con- 
taining  solutions  in  the  absence  and  presence  of  BSA  were 
made  on  a  Hilger  Ultrascan  recording  spectrophotometer,  model 
H999.  For  each  solution  that  contained  paraben  and  protein, 
a  corresponding  solution  containing  an  equivalent  concen¬ 
tration  of  protein  was  prepared.  The  latter  solution  was 
used  as  a  reference  blank  in  the  spectrophotometr ic  examina¬ 
tion  of  the  sample  and  served  to  blank  out  the  absorbance 
contribution  due  to  the  protein.  Varying  concentrations  of 
BSA  from  0.05  mM  to  0.1  mM  were  used.  The  concentration  of 
paraben  used  was  6.4  x  10  ^  M  which  had  an  absorbance  read¬ 
ing  around  0.8  in  the  absence  of  BSA.  The  measurements  were 
conducted  at  room  temperature  and  at  pH  7.4. 

Analytical  Methods 

At  the  end  of  equilibrium  time,  1  or  2  ml 
aliquots  were  removed  from  both  sides  of  the  membrane  and 
proper  dilutions  were  made  with  0.01  N  HCl  to  suppress  the 
dissociation  of  parabens.  The  degree  of  dilution  depended 
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on  the  concentration  of  the  drug  and  protein  solu¬ 
tion  to  yield  an  absorbance  reading  below  0.800.  The 
parabens  were  assayed  using  a  Beckman  spectrophotometer, 
model  DU,  at  a  wavelength  of  their  maximum  absorbance, 

256  iryu.  Any  interference  due  to  the  protein  was  elimi¬ 
nated  by  using  the  appropriate  concentration  in  the  re¬ 
ference  cell  and  it  was  observed  that  at  the  very  high 
dilutions  employed  for  the  analysis  of  parabens,  there  was 
no  effect  on  the  absorbance  of  parabens  in  the  presence 
of  BSA.  Any  interference  caused  by  dialyzable  components 
in  BSA  was  assumed  to  be  negligible  because  of  the  high 
dilutions  required  in  a  spectrophotometr ic  assay.  The 
pH  of  the  solutions  in  the  dialysis  studies  was  recorded 
at  the  end  of  the  experiment,  with  no  appreciable  change 
noted.  All  the  pH  measurements  were  made  with  a  Beckman 
zeromatic  pH  meter,  model  76,  using  a  combination  electrode. 

In  the  case  of  solubility  studies,  the  general 
assay  procedure  was  the  same  as  that  used  in  the  equilibrium 
dialysis  method,  except  1  or  2  ml  aliquots  were  withdrawn 
by  means  of  a  pipette,  the  tip  of  which  was  covered  by 
fine  glasswool  to  exclude  the  solid  paraben. 

Microbiological  Studies 

Microorganism  A  filamentous  fungus  Aspergillus 
9 

niger  was  selected  as  the  principle  microbe,  because  it 

9 

UAMH  No.  1456,  obtained  from  Provincial  Laboratory 
of  Public  Health,  Edmonton,  Alberta. 
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grows  luxuriously  in  liquid  media,  produces  readily  visible 
mycelium,  and  sporulates  easily. 

Culture  Medium.  To  avoid  any  competing  inter¬ 
actions  between  parabens  and  the  components  of  common 
bacteriological  media  containing  protein  material  such  as 
beef  extract,  the  following  simple,  chemically  defined 
synthesis  culture  medium  as  employed  by  Pisano  and  Kosten- 
bauder  (27)  was  utilized: 


Dextrose,  anhydrous  5.00% 

NaCl  0.50% 

MgS04.7H20  0.02% 

K2HP04.3H20  0.10% 

nh4h2po4  0.10% 

Distilled  water,  to  make  100  % 

pH  of  medium  6.6 


Preparation  of  Test  Media  and  Cultures.  A 
0.2%  solution  of  methylparaben  was  prepared  in  culture 
medium  and  desired  concentrations  of  methylparaben  con¬ 
taining  0.69%  BSA  were  made  by  the  following  procedure. 
Appropriate  amounts  of  0.2%  methylparaben  solution  and 
culture  medium  were  pipetted  into  a  18  x  150  mm  test  tube, 
in  duplicate  to  produce  various  concentrations  of  methyl¬ 
paraben.  The  test  tubes  were  stoppered  with  polypropylene 
10 

caps  ,  and  sterilized  by  autoclaving  at  15  pounds  pressure 

for  15  minutes.  A  3.45%  of  BSA  solution  was  prepared  in 

culture  medium  and  sterilized  by  millipore  filtration  using 

11 

a  hypodermic  syringe,  Swinney  adapter  and  millipore  Ha 

■^Bact i-capall ,  Fisher  Scientific  Co.,  Fair  Lawn, 

N.  J. 

"^Cellulose  membrane,  marketed  as  Millipore  Ha, 
Millipore  Filter  Co.,  Bedford,  Mass. 
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because  proteins  would  be  denatured  at  the  high  temperature 
of  autoclaving.  Two  ml  of  this  sterilized  BSA  solution 
was  transferred  aseptically  to  each  of  the  above  test  tubes. 

Due  to  the  low  solubility  of  propylparaben,  a 
0.05%  stock  solution  of  propylparaben  in  culture  medium 
was  prepared.  The  required  concentrations  of  propylpara¬ 
ben  containing  0.69%  BSA  were  made  by  adding  a  weighed 
amount  of  BSA  to  each  solution.  Each  solution  was  steri¬ 
lized  by  millipore  filtration.  Ten  ml  of  the  sterilized 
solution  was  transferred  aseptically  to  an  18  x  150  mm 
test  tube  in  duplicate  for  each  concentration. 

The  possibility  of  degradation  of  methylpar aben 
was  investigated  by  determining  its  ultraviolet  absorbance 
before  and  after  autoclaving.  No  change  was  observed 
in  the  absorbance  characteristic.  Similar  determinations 

were  made  on  methyl  and  propylparaben  solution  after  two 

,  o 

weeks  storage  at  30.0  with  no  change  observed.  It  was 
assumed  that  the  compounds  studied  were  reasonably  stable 

under  the  experimental  conditions. 

* 

Aspergillus  niger  was  cultured  on  slants  of  Sa- 
bouraud's  dextrose  agar  for  3  days.  A  suspension  was  pre¬ 
pared  by  inoculating  approximately  3  ml  of  the  sterile  cul¬ 
ture  medium  with  2  loopsful  of  the  fungus  spores.  Each  of 
the  test  tubes  was  inoculated  with  a  loopful  of  the  spore 

* 

It  was  kindly  prepared  by  Miss  Margorie  Dineen 
of  the  Provincial  Laboratory  of  Public  Health,  Edmonton, 
Alberta . 
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suspension.  The  cultures  were  incubated  at  30  and  the 
growths  in  the  form  of  mycelial  mats  were  observed  visually 
each  day  for  one  week. 


This  temperature  was  selected  because  the 
dialysis  studies  were  conducted  at  30°. 


_ 
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THEORY  AND  RESULTS 


Theory  of  Multiple  Equilibrium 

Klotz  (2)  first  applied  the  law  of  mass  action 
to  develop  the  equation  of  association  between  small  mole¬ 
cules  and  proteins. 

Single  Association.  According  to  the  law  of 
mass  action  where  one  mole  of  small  molecule  of  the  type  A 
associate  with  one  mole  of  protein  P,  to  form  a  simple  com¬ 
plex  PA,  the  equilibrium  can  be  described  as: 

I 

P  +  A^=l  PA  (Eq.l) 

The  association  or  binding  constant,  k,  is  then  defined 
by  the  equation 

(PA) 

k  =  (Eq.2) 

(P)  (A) 

in  which  the  quantities  in  parenthesis  represent  the  molar 
concentration  of  the  respective  species. 

The  total  protein  concentration  can  be  represented 
by  means  of  the  relation 

(Pt)  =  (PA)  +  (P)  (Eq.3) 

Rearranging  and  then  substituting  Eq .  3  into 

*  • '  f-rXw 

Eq.  2  gives 

(PA)  =  k  (A) 

(Pt)  1  +  k  (A)  (Eq.4) 

The  ratio  (PA/ (Pt)  is  evidently  the  number  of  moles  of  bound 
A  per  mole  of  total  protein,  and  is  designated  by  the  symbol 


. 
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A  simple  linear  relation  is  obtained  by  transpo¬ 
sition  of  Eq .  5  to  the  form 

r 

_  =  k  -  rk  (Eq.6) 

(A) 

Multiple  Association.  Practically  all  protein 

combinations  produce  complexes  with  the  components  present 

in  molecular  quantities  other  than  in  a  simple  ratio  of  one 

to  one.  The  complex  formation  can  be  considered  to  be  a 

stepwise  procedure  (2) . 

P  +  A  ^  PA 
PA  +  A  ^  PA2 

PAn-1  +  A  i=^PAn  (Eq.7) 

where  the  n  is  the  maximum  number  of  moles  of  small  mole¬ 
cule  which  can  be  bound  per  mole  of- protein.  The  ultimate 
equation  representing  the  multiple  association  is 

nk  (A) 

_  =  r  (Eq.8) 

1  +  k(A) 

The  value  of  n  and  k  can  be  graphically  determined 
by  plotting  the  data  in  accordance  with  Eq .  9,  which  repre¬ 
sents  a  rearranged  form  of  Eq .  8. 

.  r  =  nk-rk  (Eq.9) 

(A) 

A  plot  of  r/ (A)  _vs.  r  will  result  in  a  straight  line  of  slope 
-k  and  ordinate  and  abscissa  intercepts  of  nk  and  n  respec¬ 
tively  (68) .  This  equation  has  been  employed  in  the  current 
study  to  determine  the  values  of  k  and  n  for  the  paraben- 
protein  interaction. 


- 
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TABLE  I 

A  Typical  Calculation  from  Dialysis  Studies 


DRUG  SIDE 


BSA  SIDE 


Before  Dialysis 


Volume 

10.0  ml 

10.0 

ml 

Paraben 

0.05% 

3 

Concn . 

=2.81  x 

10 

M 

BSA 

-4 

Concn . 

1.0 

x  10  M 

P.H 

7.4 

7.4 

After  Dialysis 

Volume 

10 . 0  ml 

10.0 

ml 

Paraben 
Concn . 

9.49  x 

10" 

4 

M 

18.6 

-in"4 

x  10  M 

BSA 

Concn . 

1.0 

-4 

x  10  M 

PH 

7.4 

7.4 

Total  number  of  moles  of  paraben  bound  in  albumin  side 

1 


100 


-4  -4  -6 

(18.6  x  10  -9.49  x  10  )  =  9.11  x  10 


Total  albumin  in.  albumin  side  1.0  x  10 


-6 


r  = 


moles  of  paraben  bound  _  9.11  x  10 


-6 


total  moles  of  albumin 


1.0  x  10“6 


=  9.11 


-4 

(A)  =  concentration  of  unbound  paraben  =  9.49  x  10  M 


. 

. 


0 


CO 

I 

O 


FIG.  1.  THE  BINDING  OF  METH YLPAR ABEN  BY  O.lmM  BOVINE  SERUM 
ALBUMIN  AT  PH  7.4. 

KEY:  o,  at  30°,  ©  ,  at  10°. 


FIG.  2.  THE  BINDING  OF  ETHYLPARA3EN  BY  0.1  rr.M  BOVINE  SERUM 
ALBUMIN  AT  PH7.4. 

KEY:  O,  at  30°;  •,  at  20°. 


Olx(V)/ 
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FIG.  3.  THE  BINDING  OF  PROPYLPARABEN  BY  30VINE  SERUM 
ALBUMIN  AT  pH7.4. 

KEY:  O,  at  30°,  O.lmMBSA;  A  ,  at  30°,  0.25mMBSA; 

•  ,  at  20°,  O.lmMBSA. 


■ 
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FIG.  4.  THE  BINDING  OF  3UTY LP ARABEN  BY  0.1  mM  BOVINE  SERUM 
ALBUMIN  AT  PH  7.4. 

KEY:  O,  at  30°;  ©,  at  20°. 


Equilibrium  Dialysis  Studies  of  the  Par aben-Pr ote in  Interaction 


A  typical  calculation  from  the  results  of  a  dialysis 
experiment  is  shown  in  Table  I,  and  the  binding  data  for  methyl, 
ethyl,  propyl  and  butylparaben  are  listed  in  Table  II  through 

X. 

Figures  1  to  4  are  plotted  in  terms  of  r/ (A)  v_s.  r. 

These  illustrate  the  binding  of  methyl,  ethyl,  propyl,  and 

o  o 

butylparaben  at  pH  7.4  and  at  two  temperatures,  10.0  and  30.0 

o  o 

for  methylparaben ;  20.0  and  30.0  for  ethyl,  propyl  and 
butylparaben.  The  plots  result  in  straight  lines  in  all 
cases  with  a  slope  value  of  -k  and  ordinate  and  abscissa 
intercepts  of  nk  and  n  respectively.  The  graphs  were  drawn 
by  least  squares  fit  using  IBM7040  and  360  computers. 

The  binding  data  of  all  parabens  follow  Eq.  8.  It 
should  be  emphasized  that  there  is  a  reciprocal  relationship 
between  n  and  k  and  small  change  in  slope  of  the  line  will 
markedly  influence  these  values.  The  values  of  n  and  k  at 
different  temperatures  evaluated  by  the  plot  r/ (A)  vs.  r 
are  presented  in  Table  XI. 

In  the  present  work,  a  concentration  of  0.25  mM 
BSA  was  also  used  in  the  case  of  the  protein-propylparaben 
system.  The  results  are  given  in  Table  VIII  and  plotted  in 
Figure  3.  It  appears  from  this  plot  that  there  was  no  de¬ 
tectable  protein  concentration  effect  with  respect  to  the 
relation  between  r  and  (A)  in  the  binding  of  propylparaben 


with  BSA. 
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HEXYLPARABEN  IN  SOLUTION  (MOLES/ LITER *104) 
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0  2  4  6  8  10 

BOVINE  SERUM  ALBUMIN  (MOLES/LITERxlO5) 


FIG.  6.  THE  SOLUBILITY  OF  HEXYLPARABEN  IN  VARIOUS 
CONCENTRATIONS  OF  BOVINE  SERUM  AL3UMIN  AT 
pH  7.4  AMD  AT  30°. 
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FIG.  7.  THE  SOLUBILITY  OF  HEPTYLPARASEN  AT  VARIOUS 
CONC  ENT  RATI  OHS  OF  BOVINE  SERUM  ALBUMIN  AT 
pH  7.4  AND  AT  30°. 
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Degree  of  Binding  by  Various  Concentrations  of  Bovine  Serum 

Albumin 

The  binding  of  propylparaben  in  the  concentration 

-3 

of  2.63  x  10  M  to  various  concentrations  of  BSA  from  0.02  mM 
to  0.1  mM  is  demonstrated  in  Table  XII  and  Figure  5,  and 
was  found  to  range  from  6.53  to  49.5%  of  the  bound  drug. 

This  figure  indicates  that  at  a  given  paraben  concentration, 
an  increase  in  the  albumin  concentration  increases  the 
degree  of  binding  to  protein. 

Solubility  Studies 

Figures  6  and  7  illustrate  the  solubilities  of 
hexyl  and  heptylparaben  as  a  function  of  albumin  concentra¬ 
tion.  In  solubility  studies  the  free  paraben  concentrations 
were  assumed  to  correspond  with  the  solubilities  of  the  para- 
bens  in  buffer  solutions  (26)  at  definite  pH  and  tempera¬ 
ture;  and  the  concentrations  of  bound  paraben  were  obtained 
as  the  difference  between  the  total  paraben  in  solutions 
and  the  free  paraben  concentrations.  The  data  are  displayed 
in  Table  XIII  and  XIV. 

Thermodynamic  Data 

Quantitative  investigation  of  temperature  effects 

on  equilibrium  complexes  can  lead  to  information  on  the 

thermodynamic  properties  of  paraben-prote in  complexation  (69)  . 

o 

The  free  energy  change  of  interaction,  ^ F  ,  is 
related  to  the  association  constant  k  of  paraben-prote in 
complex  by  the  relationship 


' 
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01  X  { V)/J 


pH 


FIG.  8.  THE  BINDING  OF  METHYLPARABEN  BY  BOVINE  SERUM 
ALBUMIN  AS  A  FUNCTION  OF  pH  AT  30°. 
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FIG.  9.  THE  BINDING  OF  ETHYLPARABEN  BY  BOVINE  SERUM 
ALBUMIN  AS  A  FUNCTION  OF  pH  AT  30°. 


0 


FIG.  10.  THE  BINDING  OF  PROPYLPARABEN  BY  BOVINE  SERUM 
ALBUMIN  AS  A  FUNCTION  OF  pH  AT  30°. 


pH 


FIG.  11.  THE  DIM  DING  CF  3UTYLPARABEN  BY  BOVINE  SERUM 
ALBUMIN  AS  A  FUNCTION  OF  pH  AT  30°. 
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A F  =  -2.303  RT  log  k  (Eq.10) 

where  R  represents  the  gas  constant  and  T  the  absolute 
temperature . 

When  the  values  of  k  at  two  temperatures  are 

known,  the  Clausius-Clapeyron  equation  may  be  used  to 

obtain  the  enthalpy  change,  A H° 

A  H° 

log  k2/k1  =  _ 


2.303  R 


T2  T1 

T  T 
1  2 


) 


(Eq.ll) 


The  entropy  change  S  can  be  obtained  from 


equation 


o  o  o 

A F  =  AH  -  T  A  S 


(Eq.  12) 


By  the  thermodynamic  method  mentioned  above, 
the  change  in  free  energy,  enthalpy  and  entropy  for 
the  binding  of  one  mole  of  paraben  was  calculated  and 
the  results  are  depicted  in  Table  XI. 


Effect  of  pH  on  the  Interaction 

The  binding  of  methyl,  ethyl,  propyl  and  butyl- 
par  aben  was  investigated  over  a  wide  pH  range,  from  pH  4 
to  9 .  In  each  study  the  same  initial  concentration  of  para¬ 
ben  was  employed.  Figures  8  to  11  are  plotted  as  r/(A) 
vs.  pH  to  yield  the  pH  profile  of  the  interaction.  The 
experimental  data  are  listed  in  Table  XV  to  XVIII.  It  is 
seen  that  essentially  parabens  exhibited  an  increased  mag¬ 
nitude  of  binding  as  the  pH  was  raised  from  4  until  a 
maximum  binding  was  achieved  at  7.6  +.  0*2  above  which  a 
marked  decrease  in  binding  occurred. 
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0.800 


0.600 


0.400 


0.200 


250 

WAVELENGTH,  m/x 


250 


WAVELENGTH,  m/x 


FIG.  12.  THE  INFLUENCE  OF 
BOVINE  SERUM  ALBUMIN  ON 
THE  SPECTRUM  OF  ME  TM Y  LP  ARAB  EM 
AT  pH  7.4. 

KEY:  A,  no  3SA;  B,  0.025  mMBS.A;  C,  0.05nMBSA; 
D,  O.lmMBSA. 


FIG.  13.  THE  INFLUENCE  OF 
BOVINE  SERUM  ALBUMIN  ON 
THE  SPECTRUM  OF  ETHYLPARABEN 
AT  pH  7.4. 

KEY:  A,  no  BSA;  B,  0.025 mM3SA;  C,  0.05 
mMBSA;  D,  O.lmMBSA. 
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0.800 


0.600 


0.400 


0.200 


250 

WAVELENGTH,  m/i. 


250 

WAVELENGTH, m/i. 


FIG,  14.  THE  INFLUENCE  OF  BOVINE 
SERUM  ALBUMIN  ON  TH  E  SPECTRUM  OF 
PROPYLPARABEN  AT  pH  7.4. 

KEY:  A,  no  BSA;  B,  0.025 mMBSA;  C,  0.05mMBSA: 
D,  0.1  mMBSA. 


FIG.  15.  THE  INFLUENCE  OF  BOVINF 
SERUM  ALBUMIN  ON  THE  SPECTRUM 
OF  BUTYLPARABEN  AT  pH  7.4. 

KEY:  A,  no  BSA;  B,  0.025mMBSA;  C,  0.05mMBSA; 
D,  0.1  mMBSA. 
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Spectrophotometr ic  Studies  of  the  Paraben-Pr ote in  Interaction 

Figures  12  to  15  indicate  the  influence  of  BSA  on 
the  absorption  spectrum  of  parabens  at  pH  7.4  with  ionic 
strength  0.16.  Curve  A  was  the  spectroscopic  behavior  of 
a  buffered  paraben  solution  in  the  absence  of  BSA.  The 
spectra  of  all  parabens  were  not  affected  by  the  presence  of 
components  of  phosphate  buffer.  Here,  the  presence  of  pro¬ 
tein  resulted  in  a  hypochromic  effect.  Absorbance  values 
at  256  m;u  were  lower  in  the  presence  of  protein  than  in 
protein-free  solution  for  all  parabens.  This  can  be  seen 
by  comparing  curve  A  with  curves  B,  C  and  D,  which  shows 
the  absorbance  in  the  presence  of  0.025,  0.05  and  0.1  mM 
BSA  respectively. 

Correlation  of  Binding  Data  with  the  Efficacy  of  Parabens 

Earlier  studies  (26,66)  have  confirmed  that  for 
any  given  concentration  of  macromolecules  (polysorbate  80 
and  cetomacrogol  1000)  the  ratio  of  total  to  free  preser¬ 
vative  is  a  constant,  Re.  If  the  antifungal  activity  of 
the  parabens  studied  can  be  assumed  to  be  due  to  the  free 
or  unbound  form,  then  the  Re  value  can  be  used  to  predict 
the  minimum  inhibitory  concentration  of  antifungal  agent 
(27,30)  in  the  presence  of  a  definite  concentration  of  BSA 

in  the  following  manner: 

_  Total  paraben 

Free  paraben 

Where  Total  paraben  =  Free  +  Bound  form  of  paraben 
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Free  paraben  =  Inhibitory  concentration  of  the 

paraben  in  absence  of  BSA 

Thus,  Re  x  Free  paraben  =  Effective  inhibitory 
concentration  in  the  presence  of  BSA. 

This  procedure  was  employed  in  the  present  in¬ 
vestigation  to  predict  the  theoretical  or  predicted  inhi¬ 
bitory  concentration  of  methyl  and  propylparaben  from  the 
binding  data. 

The  Re  values  for  a  0.1  mM  BSA  solution  at  pH 
6.6  and  at  30°  for  methyl  and  propylparaben  were  1.2  and  1.75 
respectively,  which  were  computed  as  the  average  of  Re  va¬ 
lues  in  Table  XIX  and  XX.  The  minimum  inhibitory  concen¬ 
tration  of  methyl  and  propylparaben  for  Aspergillus  niger 
in  the  culture  media  were  found  to  be  0.060  and  0.020% 
respectively.  These  are  in  good  agreement  with  the  values 
reported  previously  (30)  . 

Therefore,  the  theoretical  inhibitory  concentra¬ 
tion  of  parabens  in  the  presence  of  0.1  mM  (0.69%)  BSA  were 
0.060%  x  1.2  =  0.072%  for  methylpar aben ;  and  0.020%  x  1.75 
=  0.035%  for  propylparaben. 

The  results  of  the  _in  vitro  correlation  of  binding 
data  with  the  inhibitory  concentration  of  methyl  and  propyl¬ 
paraben  for  Aspergillus  niger  in  the  presence  of  0.69%  BSA 
are  shown  in  Tables  XXI  and  XXII.  The  data  show  a  good  cor¬ 
relation  between  the  predicted  minimum  inhibitory  concentration 
0.072%  and  the  experimental  value  of  0.074%  for  me thylpar aben ; 


- 

' 
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and  the  predicted  value  of  0.035%  and  the  experimental 
value  of  0.035%  for  propylparaben. 


i 


45 


TABLE  II 

The  Binding  of  Methylparaben  by  0 . lmM  Bovine  Serum 

Albumin  at  pH  7.4  at  30° 


Ori¬ 
ginal 
Concn . 
moles/L. 
x  103 

Free 

Concn . 

(A) 

moles/L. 
x  103 

Total 
Concn . 
moles/L. 
x  103 

Moles 
Bound 
x  106 

r 

r/(A) 
x  10 

0.987 

0.349 

0.655 

3.06 

3.06 

8.78 

1.32 

0.461 

0.850 

3.88 

3.88 

8.42 

1.65 

0.629 

1.04 

4.10 

4.10 

6.52 

1.97 

0.758 

1.22 

4.59 

4.59 

6.05 

2.30 

0.900 

1.43 

5.34 

5.34 

5.94 

2.63 

1.06 

1.62 

5.55 

5.55 

5.24 

2.96 

1.21 

1.79 

5.71 

5.71 

4.70 

3.29 

1.34 

2.02 

6.73 

6.73 

5.02 

3.95 

1.66 

2.35 

6.90 

6.90 

4.15 

4.61 

2.01 

2.70 

6.93 

6.93 

3.45 

6.58 

2.92 

3.75 

8.36 

8.36 

2.87 

7.24 

3.26 

4.12 

8.60 

8.60 

2.64 

5,26 

2.16 

2.82 

6.63 

6.63 

3.07 

7.90 

3.40 

4.22 

8.11 

8.11 

2.38 

13.2 

5.90 

6.93 

10.3 

10.3 

1.75 

' 

'  : 

0 
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TABLE  III 

The  Binding  of  Methylparaben  by  0 . ImM  Bovine  Serum 

o 

Albumin  at  pH  7.4  and  at  10 


Or  i- 
ginal 

Free 

Concn . 

Total 
Concn . 

Moles 

Bound 

r 

r/(A) 
x  10  J 

Concn . 

(A) 

moles/L. 

x  106 

moles/L . 

moles/L . 

x  103 

x  10 3 

x  103 

0.987 

0.330 

0.674 

3.44 

3.44 

10.4 

1.32 

0.475 

0.836 

3.60 

3.60 

7.59 

1.65 

0.600 

1.06 

4.65 

4.65 

7.75 

1.97 

0.731 

1.27 

5.39 

5.39 

7.38 

2.63 

1.01 

1.65 

6.40 

6.40 

6.33 

2.96 

1.18 

1.80 

6.20 

6.20 

5.26 

3.29 

1.33 

1.99 

6.47 

6.47 

4.85 

3.62 

1.47 

2.22 

7.55 

7.55 

5.14 

3.95 

1.60 

2.39 

7.82 

7.82 

4.87 

4.61 

1.89 

2.80 

9.16 

9.16 

4.86 

5.26 

2.20 

3.07 

8.69 

8.69 

3.94 

6.58 

2.86 

3.77 

9.03 

9.03 

3.15 

7.24 

3.16 

4.04 

8.76 

8.76 

2.77 

7.90 

3.48 

4.37 

8.89 

8.89 

2.56 

10.5 

4.72 

5.76 

9.61 

9.61 

2.04 

11.8 

5.39 

6.57 

11. 8 

IT.  8 

2.19 

. 

. 
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TABLE  IV 

The  Binding  of  Ethylparaben  by  0 . IroM  Bovine  Serum 

Albumin  at  pH  7.4  and  at  30° 


Ori¬ 
ginal 
Concn . 
moles/L. 
x  10^ 

Free 

Concn . 

(A) 

moles/L. 
x  10J 

Total 
Concn . 
moles/L. 
x  10 

Moles 
Bound 
x  10b 

r 

r/(A) 
x  10  j 

0.843  / 

0.264 

0.561 

2.96 

2.96 

11.2 

1.27  / 

0.434 

0.818 

3.84 

3.84 

8.85 

2.11 

0.788 

1.31 

5.25 

5.25 

6.67 

2.53 

0.983 

1.56 

5.79 

5.79 

5.89 

2.95 

1.18 

1.79 

6.13 

6.13 

5.20 

3.37 

1.37 

2.05 

6.73 

6.73 

4.90 

4.22 

1.72 

2.46 

7.41 

7.41 

4.32 

1.21 

0.380 

0.731 

3.51 

3.51 

9.22 

2.41 

0.833 

1.38 

5.45 

5.45 

6.55 

3.01 

1.12 

1.75 

6.28 

6.28 

5.63 

3.61 

1.38 

2.09 

7.16 

7.16 

5.20 

4.82 

1.90 

2.74 

8.45 

8.45 

4.46 

6.02 

2.13 

3.45 

8.89 

8.89 

4.18 

• 
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TABLE  V 

The  Binding  of  Ethylparaben  by  0 .  ImM  Bovine  Serum 

Albumin  at  pH  7.4  and  at  20° 


Or  i- 
ginal 
Concn . 
moles/L . 
x  10^ 

•  Free 

Concn . 

(A) 

moles/L . 
x  10J 

Total 
Concn . 
moles/L. 
x  10 

Moles 
Bound 
x  106 

r 

r/(A) 
x  10~J 

0.843 

0.278 

0.623 

3.45 

3.45 

12.4  . 

1.27 

0.469 

0.880 

4.  11 

4.11 

8.76 

1.69 

0.616 

1.19 

5.73 

5.73 

9.30 

2.11 

0.825 

1.42 

5.96 

5.96 

7.22 

2.53 

1.00 

1.74 

7.34 

7.34 

7 . 32 

2.95 

1.17 

1.99 

8.16 

8.16 

6.99 

3.37 

1.39 

2.19 

8.02 

8.02 

5.78 

4.22 

1.79 

2.66 

8.75 

8.75 

4.90 

5.06 

2.19 

3 . 15 

9.63 

9.63 

4.40 

4.22 

1.66 

2.54 

8.75 

8.75 

5.26 

4.82 

1.93 

2.90 

9.23 

9.23 

4.68 

5.42 

2.30 

3.33 

10 . 3  ’ 

10 , 3 

4.48 

6.02 

2.53 

3.58 

10.5 

10,5 

4.16 

7.23 

3.00 

4.05 

10.6 

10.6 

3.53 

7.83 

3.40 

4.50 

11.0 

11.0 

3.24 

• 

’  •• 

' 
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TABLE  VI 

The  Binding  of  Propylparaben  by  D . ImM  Bovine  Serum 

Albumin  at  pH  7.4  and  at  30° 


Or  i- 
ginal 
Concn. 
moles/L . 
x  103 

Free 

Concn . 

(A) 

moles/L . 
xlO4 

Total 
Concn . 
moles/L . 
x  104 

Moles 
Bound 
x  10S 

r 

r/(A) 
x  10" 

0.556 

:.i:24 

4.21 

2.97 

2.97 

23.9 

0.833 

2.08 

6.18 

4.10 

4.10 

19.7 

1.11 

2.64 

8.18 

5.54 

5.54 

21.0 

1.39 

3.52 

10.2 

6.67 

6.67 

18.9 

1.67 

4.74 

12.0 

7.28 

7.28 

15.4 

1.95 

5.88 

13.8 

8.00 

8.00 

13.6 

2.22 

6.18 

15.3 

8/48 

8.48 

12.5 

2.50 

8.35 

17.0 

8.62 

8.62 

10.3 

2.78 

9.49 

18.6 

9.09 

9.09 

9.58 

3.06 

10.9 

20.0 

9.19 

9.19 

8.44 

3.33 

11.8 

21.7 

9.96 

9.96 

8.48 

3.61 

13.4 

23.8 

10.4 

10.4 

7.80 

3.89 

15.0 

25.2 

10.2 

10.2 

6.65 

4.17 

16.1 

25.3 

9.22 

9.22 

5.73 

4.44 

17.2 

26.9 

9.75 

9.75 

5.70 

4.72 

18.0 

28.2 

10.2 

10.2 

5.63 

5.00 

19.5 

30.4 

10.9 

10.9 

5.58 

1.39 

3.65 

9.72 

6.08 

6.08 

16.6 

1.67 

4.48 

11.4 

6.90 

6.90 

15.4 

1.95 

5.80 

13.1 

7.34 

7.34 

12.7 

2.22 

7.08 

14.9 

7.85 

7.85 

11.1 

2.50 

7.81 

16.5 

8.69 

8.69 

11.1 

2.18 

9.17 

18.2 

8.99 

8.99 

9.80 

. 

' 
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TABLE  VII 

The  Binding  of  Propylparaben  by  0 . ImM  Bovine  Serum 

Albumin  at  pH  7.4  and  at  20° 


Or  i- 
ginal 
Concn. 
moles/L. 
x  103 


Free 
Concn . 
(A) 

moles/L. 
x  10 


Total 
Concn . 
moles/L. 
x  104 


Moles 
Bound 
x  106 


r  r/(A) 

x  10  J 


0.833 

1.72 

6.59 

4.67 

4,67 

24.4 

1.11 

2.79 

8.93 

6.14 

6.14 

22.0 

1.39 

j  3.62 

10.7 

7.05 

7.05 

19.4 

1.67 

4.71 

12.6 

7.90 

7.90 

16.8 

1.95 

5.59 

14.5 

8.88 

8.88 

15.9 

2.22 

6.88 

16.1 

9.23 

9.23 

13.4 

2.50 

8.12 

18.0 

9.87 

9.87 

12.1 

2.78 

9.06 

19.8 

10.7 

10.7 

12.9 

3.06 

10.4 

21.7 

11.3 

11.3 

10.9 

3.33 

11.4 

23.0 

11.6 

11.6 

10.2 

3.36 

12.9 

24.8 

11.9 

11.9 

9.27 

2.50 

7.62 

17.8 

10.2 

10.2 

13.8 

2.78 

8.76 

18.6 

9.87 

9.87 

11.3 

3.06 

10.3 

20.9 

10.7 

10.7 

10.4 

3.33 

11.4 

22.3 

10.9 

10.9 

9.62 

3.61 

11.3 

22.5 

11.1 

11.1 

9.82 

3.89 

13.8 

25.4 

11.6 

11.6 

8.44 

4.17 

15.2 

27.0 

11.8 

11.8 

7.75 

■ 
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TABLE  VIII 

The  Binding  of  Propylparaben  by  0.25  mM  Bovine  Serum 
Albumin  at  pH  7.4  and  at  30° 


Ori¬ 
ginal 
Concn . 
moles/L. 
x  103 


Free 
Concn . 
(A) 

moles/L . 
x  104 


Total 
Concn . 
moles/L , 
x  104 


Moles 
Bound 
x  106 


r 


r/(A)_ 
x  10“ 


0.833 

1.01 

7.65 

6 . 64 

2.66 

26.4 

1.11 

1.51 

10.7 

9.23 

3.69 

24.4 

1.39 

1.98 

13.2 

11.2 

4.47 

22.6 

1.67 

2.58 

15.6 

13.1 

5.22 

20.2 

1.95 

3.22 

17.9 

14.7 

5.88 

18.2 

2.22 

3.78 

19.8 

16.0 

6.41 

17.0 

2.50 

4.63 

22.3 

17.7 

7.09 

15.3 

2.78 

5.23 

24.3 

19.1 

7.62 

14.6 

3.06 

5.97 

-  25.1 

19.1 

7.65 

12.8 

3.33 

6.91 

27.4 

20.5 

8.19 

11.8 

3.61 

7.92 

29.0 

21.1 

8.44 

10.7 

3.89 

8.79 

32.0 

23.3 

9.30 

10.6 

4.17 

9.90 

32.4 

22.5 

8.99 

9.08 

4.44 

10.9 

33.9 

23.0 

9.20 

8.43 

• 

•  . 
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TABLE  IX 

The  Binding  of  Butylparaben  by  0.1  mM  Bovine  Serum 

Albumin  at  pH  7.4  and  at  30° 


Ori¬ 
ginal 
Concn . 
moles/L . 
x  104 

Free 

Concn . 

(A) 

moles/L . 
x  104 

Total 

Concn . 
moles/L. 
x  104 

Moles 
Bound 
x  106 

r 

r/(A) 
x  1CT4 

5.15 

0.583 

4.54 

3.95 

3.95 

6.78 

6.19 

0.778 

5.35 

4.57 

4.57 

5.88 

7.22 

0.959 

6.12 

5.17 

5.17 

5.38 

8.25 

1.26 

6.80 

5.54 

5.54 

4.38 

9.28 

1.52 

7.22 

5.70 

5.70 

3.74 

10.3 

1.77 

7.94 

6.17 

6.17 

3.50 

11.3 

2.06 

8.46 

6.40 

6.40 

3.11 

12.4 

2.44 

9.43 

7.00 

7.00 

2.87 

13.4 

2.72 

10.1 

7.36 

7.36 

2.70 

15.5 

2.42 

10.8 

7.40 

7.40 

2.17 

16.5 

3.84 

11.5 

7.70 

7.70 

2.00 

17.5 

4.25 

12.1 

7.81 

7.81 

1.84 

18.6 

4.63 

-13.8 

9.19 

9.19 

1.98 

7.73 

1.00 

5.81 

4.81 

4.81 

4.80 

9.28 

1.37 

6.99 

5.62 

5.62 

4.09 

10.8 

1.82 

7.99 

6.17 

6.17 

3.46 

12.4 

2.23 

8.66 

6.43 

6.43 

2.88 

13.1 

2.54 

9.44 

6.92 

6.92 

2.74 

13.9 

2.76 

9.77 

7.01 

7.01 

2.54 

' 

■  •  • 
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The  Bindinq  of  Butylparaben  by  0. 

ImM  Bovine 

Serum 

Albumin  at  pH 

7.4  and  at 

20° 

Or  i- 

Free 

Total 

Moles 

r 

r/(A)  , 

ginal 

Concn , 

Concn . 

Bound 

x  10“4 

Concn. 

(A) 

moles/L. 

x  106 

moles/L 

.  moles/L. 

x  104 

x  104 

x  104 

5.15 

0.544 

4.60 

4.06 

4.06 

7.45 

6.19 

0.684 

5.44 

4.76 

4.76 

6.96 

7.22 

0.875 

6.37 

5.49 

5.49 

6.28 

8.25 

1.10 

7.21 

6.11 

6.11 

5.58 

9.28 

1.36 

8.04 

6.68 

6.68 

4.90 

10.3 

1.69 

8.91 

7.23 

7.23 

4.29 

11.3 

1.93 

9.62 

7.70 

7.70 

4.99 

12.4 

2.29 

10.2 

8.00 

8.00 

3.48 

13.4 

2.74 

11.1 

8.38 

8.38 

3.06 

14.4 

2.93 

12.2 

9.25 

9.25 

3.15 

15.5 

3.40 

12.8 

9.36 

9.36 

2.75 

16.6 

3.69 

13.3 

9.59 

9.59 

2.60 

17.5 

4.16 

13.9 

9.77 

9.77 

2.35 

18.6 

4.50 

14.5 

9.95 

9.95 

2.21 

8.76 

1.10 

7 . 58 

6.48 

6.48 

5.88 

9.28 

1.25 

8.17 

6.92 

6.92 

5.53 

9.79 

1.37 

8.55 

7.19 

7.19 

5.25 

10.3 

1.45 

8.90 

7.45 

7.45 

5.16 

10.8 

1.65 

8.77 

7.12 

7.12 

4.33 

11.3 

1.79 

9.61 

7.82 

7.82 

4.37 

11.9 

1.93 

9.80 

7.89 

7.89 

4.09 

12.4 

2.15 

10.4 

8.21  . 

8.21 

3.82 

12.9 

2.32 

10.5 

8.29 

8.29 

3.57 

13.4 

2.54 

11.0 

8.48 

8.48 

3.34 
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TABLE  XII 

The  Binding  of  Propylparaben  by  Various  Concentrations 

of  Bovine  Serum  Albumin  at  pH  7.4  and  at  30° 

-3 

(Initial  concentration  of  propylparaben  =  2.63  x  10  M) 


BSA 

Concn . 
m  moles/L. 

Free 

Concn.  ^ 

moles/L.  x  10 

Total 

Concn.  ~ 

moles/L.  x  10 

Moles 
Bound 
x  106 

Per  cent 
Bound 

0.02 

1.26 

1.35 

0.881 

6.53 

0.04 

1.18 

1.49 

3.05 

20.6 

0.06 

1.06 

1.56 

5.03 

32.2 

0.08 

1.00 

1.68 

6.82 

40.5 

0.1 

0.917 

1.82 

8.99 

49.5 

- 
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The  Solubility  of  Hexylparaben  in  Various  Concentrations 

o 

of  Bovine  Serum  Albumin  at  pH  7.4  and  at  30 


. ' . '  * 

BSA  Concn.  ^  Concn.  of  Hexyl  Rg 

moles/L.  x  10 3  Paraben  ^ 

moles/L.  x  10 


0 

2.80 

1.00 

4.23 

1.51 

2.00 

5.91 

2.11 

3.00 

6.73 

2.40 

4.00 

7.51 

2.68 

5.00 

8.87 

3.17 

6.00 

9.33 

3.33 

7.00 

10.9 

3.89 

8.00 

12.7 

4.54 

9.00 

13.2 

4.71 

10.0 

13.8 

4.93 

X  Solubility  in  Buffered  BSA  Solution 

R  =  _ _ 

s 

Solubility  in  Buffered  Aqueous  Solution 


. 

. 
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TABLE  XIV 

The  Solubility  of  Heptylparaben  in  Various  Concentra¬ 

tions  of  Bovine  Serum  Albumin  at  pH  7.4  and  at  30° 


BSA  Concn,  5  Concn.  Heptyl-  Ks 

moles/L.  x  10  paraben 

moles/L.  x  104 


0 

0.708 

1.00 

1.90 

2.68 

2.00 

2.57 

3.63 

3.00 

3.98 

5.62 

4.00 

4.34 

6.13 

5.00 

5.09 

7.19 

6.00 

6.24 

8.81 

7.00 

7.30 

10.3 

8.00 

8.32 

11.8 

9.00 

8.76 

12.4 

10.00 

10.4 

14.7 

V 

R  =  Solubility  in  Buffered  BSA  Solution 

Solubility  in  Buffered  Aqueous  Solution 


. 
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TABLE  XV 

o 

The  Binding  of  Methylpar aben  as  a  Function  of  pH  at  30 

Initial  Concentration  of  Methylpar aben  =  2.63  x  10“3M 
BSA  =1.0  x  10”4M 


pH 


Free 
Concn . 
(A) 

moles/L . 
x  103 


Total  Moles 
Concn.  Bound 
moles/L.  x  10b 
x  103 


r/(A) 
x  IQ--* 


4.30 

1.17 

1.51 

3.37 

3.37 

2.87 

5.05 

1.12 

1.48 

3.57 

3.57 

3.19 

6.00 

1.11 

1.54 

4.29 

4.29 

3.86 

6.90 

1.13 

1.55 

4.30 

4.30 

3.80 

7.20 

1.11 

1.54 

4.33 

4.33 

3.90 

7.30 

1.10 

1.55 

4.49 

4.49 

4.08 

7.40 

1.11 

1.56 

4.56 

4.56 

4.11 

7.60 

1.10 

1.15 

4.42 

4.42 

3.98 

7.80 

1.06 

1.48 

4.21 

4.21 

4.00 

8.00  . 

1.13 

1.54 

4.13 

4.13 

3.65 

8.45 

1.12 

1.50 

3.88 

3.88 

2.46 

8.90 

1.14 

1.43 

2.90 

2.90 

2.55 
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TABLE  XVI 


The  Binding  of  Ethvlparaben  as  a  Function  of  pH  at  30° 

—  I 

Initial  Concentration  of  Ethylparaben  =  2.41  x  10  M 
BSA  =  1.0  x  10_4M 


PH 

Free 

Concn. (A) 
moles/L . 
x  103 

Total 

Concn . 
moles/L. 
x  10 

Moles 
Bound 
x  106 

r 

r/(A) 
x  10~J 

4.20 

1 1  03 

1.45 

4.17 

4.17 

4.04 

5.10 

1.00 

1.44 

4.38 

4.38 

4.36 

6.10 

0.933 

1.44 

5.08 

5.08 

5.45 

7.00 

0.896 

1.46 

5.52 

5.52 

6.17 

7 . 20 

0.896 

1.44 

5.46 

5.46 

6.09 

7.60 

0.897 

1.45 

5.69 

5.69 

6.48 

8.20 

0.923 

1.48 

5.59 

5.59 

6.06 

8.40 

0.913 

1.47 

5.56 

5.56 

6.09 

6o 


TABLE  XVII 

.  .  o 

The  Binding  of  Propylparaben  as  a  Function  of  pH  at  30 

_  3 

Initial  Concentration  of  Propylparaben  =  2.22  x  10  M 
BSA  =  1.0  x  10~4M 


PH 


Free 

Concn. 

(A) 

moles/L . 
x  104 


Total 
Concn . 
moles/L. 
x  103 


Moles 
Bound 
x  10° 


r  r/(A) 

x  10”3 


£.10 

8.05 

1.32 

5.17 

5.17 

6.42 

5.05 

7.99 

1.37 

5.70 

5.70 

7.14 

6.05 

7.65 

1.40 

6.38 

6.38 

8.33 

7.00 

7.21 

1.48 

7.55 

7.55 

10.5 

7.40 

7.38 

1.54 

8.05 

8.05 

10.9 

7.50 

7.38 

1.57 

8.32 

8.32 

11.3 

7.65 

6.85 

1.47 

7.85 

7.85 

11.5 

8.05 

7.21 

1.54 

8.22 

8.22 

11.4 

8.25 

7.32 

1.51 

7.79 

7.79 

10.6 

8.50 

7.45 

1.45 

7.08 

7.08 

9.50 

8.70 

7.58 

1.46 

6.98 

6.98 

9.20 

8.95 

7.85 

1.42 

6.38 

6.38 

8.12 

. 

. 
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TABLE  XVIII 


The 

Binding  of  Butylparaben  as  a  Function  of 

pH  at  30° 

Initial  Concentration 

of  Butylparaben 

=  1.03 

x  10"4M 

BSA 

=  1.0  x  10  4M 

pH 

Free 

Concn . 

(A) 

moles/L. 

A 

Total 

Concn . 
moles/L. 
x  104 

Moles 
Bound 
x  106 

r  r/(Al4 

x  10 

X  104 


4.15- 

2.69 

7.24 

4.55 

4.55 

1.69 

5.00 

2.53 

6.82 

4.29 

4.29 

1.70 

5.95 

2.18 

7.05 

4.87 

4.87 

4.23 

6.80 

1.83 

7.60 

5.77 

5.77 

3.15 

7 . 10 

1.66 

7.69 

6.03 

6.03 

3.63 

7.30 

1.58 

7.21 

5.63 

5.63 

3.56 

7.45 

1.54 

7.27 

5.73 

5.73 

3.72 

7.80 

1.51 

7.18 

5.67 

5.67 

3.75 

8.35 

1.54 

7.05 

5.51 

5.51 

3.58 

8.90 

2.14 

6.95 

4.81 

4.81 

2.25 
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TABLE  XIX 


The  Bindinq 

of  Methylparaben  by  0. 

1  mM  Bovine 

Serum 

Albumin  at  pH 

6. 

6  and  at 

30° 

Original 
Concn . 

% 

Free 

Concn . 
moles/L. 
x  103 

Total 

Concn. 
moles/L. 
x  103 

Moles  R 

Bound 
x  106 

=  Total 

e  - 

Free 

\0 .  i  i 

3.40 

4.08 

6.81 

1.20 

0.12 

3.67 

4.51 

8.43 

1.23 

0.13 

4.00 

4.89 

8.89 

1.22 

0.14 

4.29 

5.19 

9.03 

1.21 

0.15 

4.72 

5.59 

8.76 

1.19 

0.16 

5.01 

6.05 

10.4 

1.21 

0.17 

5.39 

6.27 

8.86 

1.16 

0.18 

5.51 

6.52 

10.1 

1.18 

0.19 

6.01 

7.00 

9.94 

1.17 

0.20 

6.32 

7.31 

9.94 

1.16 

. 

■ .  ;! 
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TABLE  XX 


The  Binding  of  Propylparaben  by  0.1  mM  Bovine  Serum 

Albumin  at  pH  6.6  and  at  30° 


Or iginal 
Concn . 

% 

Free 
Concn . 
moles/L . 
x  104 

Total 

Concn . 
moles/L. 
x  104 

Moles 
Bound 
x  106 

Total 

Re  = 

Free 

0.045 

8.56 

16.7 

8.15 

1.95 

0.050 

9.73 

18.3 

8.52 

1.88 

0 .  o55 

11.1 

20.4 

9.30 

1.84 

0.060 

12.3 

22.5 

10.2 

1.83 

0.065 

13.4 

23.4 

9.93 

1.74 

0.070 

13.5 

23.6 

10.2 

1.75 

0.075 

15.7 

26.6 

10.8 

1.69 

0.080 

17.1 

27.6 

10.5 

1.61 

0.085 

18.0 

29.5 

11.5 

1.64 

0.090 

19.3 

30.9 

11.5 

1.60 
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TABLE  XXI 

Growth  Studies  of  Aspergillus  Niger  in  0.69%  Bovine 

Serum  Albumin  with  Various  Concentrations  of  Methyl- 

par  aben 


Methylparaben  Growth  After  7  Days 

Concentration 

% 


0.060  + 

0.070  + 

0.072  + 

0.074  + 

0.076 
0.078 
0.080 
0.090 
0.100 


+  =  growth 
-  =  no  growth 


. 

. 
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TABLE  XXII 

Growth  Studies  of  Aspergillus  Niger  in  0.69%  Bovine 

Serum  Albumin  with  Various  Concentrations  of  Propyl¬ 

paraben 


Propylparaben  Growth  After  7  Days 

Concentration 

% 


0.020 

+ 

0.025 

+ 

0.030 

+ 

0.035 

— 

0.040 

— 

0.045 

— 

+  =  growth 
-  =  no  growth 


DISCUSSION 


The  ability  of  p-hydroxybenzoates  to  interact 
with  several  macromolecules  has  been  well  documented 
(26,28,30) .  Based  upon  this  observation,  it  was  ex¬ 
pected  that  BSA  might  provide  binding  sites  for  the 
parabens.  From  Figures  1  to  7,  it  is  evident  that  all 
the  parabens  interacted  with  BSA.  The  values  of  n  are 
not  integers  (Table  XI) .  This  might  be  either  due  to 
the  experimental  error  as  explained  by  Klotz  (70)  or 
due  to  the  fact  that  protein  might  not  be  molecular ly 
homogeneous  with  respect  to  binding  properties  as  theo¬ 
rized  by  Karush  (67) . 

The  exact  mechanism  of  binding  of  p-hydroxy¬ 
benzoates  by  BSA  can  not  be  elucidated  from  this  study, 
since  the  results  are  obtained  primarily  from  the  bind¬ 
ing  of  methyl,  ethyl,  propyl  and  butylparaben .  However, 
certain  tentative  conclusions  may  be  drawn.  A  comparison 
of  binding  constants  for  various  parabens  at  a  definite 
temperature  (Table  XI)  reveals  that  the  binding  increases 
from  methyl  to  ethyl  to  propyl  and  to  butylparaben.  Al¬ 
though  no  binding  constants  were  computed  for  hexyl  and 
heptylparabens ,  the  ratio  of  total/free  drug  as  obtained 
from  the  solubility  study  for  these  parabens  can  be  em¬ 
ployed  as  a  qualitative  measure  of  binding  (26)  ,  for  the 
purpose  of  comparing  with  similar  values  obtained  from  the 
dialysis  data  of  the  other  parabens. 
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The  values  of  these  ratios  for  methyl,  ethyl, 

*  * 

propyl,  butyl,  hexyl  and  heptylparaben  are  1.2  ,  1.4  , 

*  * 

1.6  ,  2.8  ,  4.9  and  14.7  respectively,  thus  demonstrating 
that  the  binding  increases  as  size  of  the  non-polar  ali¬ 
phatic  side  chain  in  the  paraben  increases.  About  40% 
of  the  total  amino  acids  in  the  protein  (62)  contains 
non-polar  side  chains  and  it  is  quite  possible  that  the 
association  between  these  chains  and  the  non-polar  side 
chain  in  the  parabens  may  contribute  the  driving  force 

I 

for  interaction.  An  examination  of  the  data  of  Table  XI 
shows  that  the  stability  of  the  complex  formed  between 
BSA  and  parabens  increased  with  increase  in  temperature 
demonstrating  that  the  binding  process  was  endothermic 
(unfavorable  positive  enthalpy) .  More  significantly 
the  binding  was  associated  with  an  increase  in  entropy 
which  is  typically  a  thermodynamic  behavior  in  common 
with  that  described  for  hydrophobic  bonding  (71) .  A  si¬ 
milar  thermodynamic  property  of  parabens  and  other  small 
molecules  for  polyvinylpyrrolidone  has  been  well  substan¬ 
tiated  in  the  literature  (72,73)  . 

The  increase  in  the  positive  enthalpy  term, 
o 

AH  ,  due  to  increase  in  aliphatic  side  chain  m  the  para¬ 
ben  may  have  overshadowed  any  possible  negative  enthalpy  con¬ 
tribution  made  by  hydrogen  bond  formation  between  -OH  and 

C=0  groups  of  parabens  and  COO  ,  -OH  and  C=0  groups  of  the 

* 

These  values  were  obtained  from  Table  II,  IV,  VI 
and  IX  by  appropriate  computation,  and  the  calculated  value 
represents  the  average  of  the  highest  four  initial  drug  con¬ 
centrations  in  the  system. 
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protein.  It  can  be  noted  in  Table  XI  that  4  H°  values  for 
methyl  and  butylparabens  are  0.0845  and  4.00  kcal/mole. 

The  polarity  of  the  -OH  group  in  paraben  molecules  de¬ 
creases  with  an  increase  in  the  ester  group,  which  in 
turn  lowers  their  ability  to  form  hydrogen  bonds  (73) . 

The  pH  profile  on  paraben-prote in  binding  as 
illustrated  in  Figures  8  to  11  demonstrates  that  the  in¬ 
teraction  is  pH  sensitive.  The  increase  in  interaction 
from  pH  4  until  a  maximum  was  achieved  at  pH  7.6  +;  0.2 
can  be  attributed  to  the  ionization  of  parabens.  The 
pka  values  of  methyl,  ethyl,  propyl  and  butylparaben  are 
8.0  to  8.2  (74) .  The  fraction  of  paraben  in  the  anionic 
form  increases  as  pH  value  increases.  It  appears  that 
the  negatively  charged  form  is  more  strongly  bound  than 
the  uncharged  form.  The  marked  decrease  in  binding  above 
pH  7.6  +  0.2  may  be  explained  either  by  assuming  that  a 
specific  interaction  occurred  between  parabens  and  protonated 
sites  on  the  paraben  or  by  considering  that  the  binding  site 
involved  was  either  blocked  or  abolished  by  configurational 
change  which  resulted  from  the  neutralization  of  protonated 
groups  on  the  protein  molecule  (10)  . 

Figures  8  to  11  further  indicate  that  parabens 
were  bound  to  a  certain  extent  in  the  pH  region  of  4  to 
6.  This  may  be  due  to  hydrogen  bond  formation  as  explained 
in  the  previous  paragraph.  The  pH  dependency  of  the  in¬ 
teraction  in  this  pH  range,  where  parabens  were  primarily 
in  their  undissociated  form,  is  similar  to  the  observation 


. 
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made  by  Klotz  and  Ayers  (75) .  They  showed  that  neutral 
molecules  such  as  aminobenzene  were  bound  more  strongly 
as  the  pH  was  raised.  They  attributed  this  phenomenon  to 
the  availability  of  new  binding  sites  upon  increase  in 

pH. 

In  Figures  12  to  15,  the  degree  of  hypochromism  in¬ 
creases  with  an  increase  in  concentration  of  protein.  This 
displacement  has  been  interpreted  by  Klotz  (51)  as  an  effect 

due  to  the  formation  of  drug-protein  complex,  if  the  com- 

I 

plexation  involves  a  chromophor  system  of  drug.  Although 
spectrophotometr ic  study  can  often  yield  information  regarding 
magnitude  of  the  interaction  as  well  as  the  nature  of  forces 
responsible  for  the  interaction,  this  study  was  limited  to 
the  qualitative  nature  of  the  interaction. 

The  results  of  the  _in  vitro  correlation  of  binding 
data  with  the  inhibitory  concentration  of  methyl  and  propyl¬ 
paraben  for  Aspergillus  niger  in  the  presence  of  0.69%  BSA 
are  excellent.  The  ratio  Re  of  total/free  paraben  can  be 
used  to  predict  the  minimum  inhibitory  concentration  of  the 
antifungal  agents  in  the  presence  of  a  definite  concentration 
of  protein.  This  part  of  the  study  demonstrates  that  the 
bound  form  of  the  drug  is  devoid  of  _in  vitro  biological 
activity . 

No  attempt  was  made  to  correlate  the  binding  data 
with  in  vivo  studies.  However,  it  is  probable  that  there  is 
a  direct  relationship  between  the  magnitude  of  paraben  bind- 
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ing  and  biological  half-life  of  the  parabens.  By  means 
of  urinary  excretion  data,  Jones  e_t  a_l.  (76)  showed  that 
the  biological  half-lives  of  parabens  were  as  follows: 
methylpar aben ,  14  hours;  ethylparaben ,  18  hours;  propyl¬ 
paraben,  22  hours  and  butylparaben  55  hours.  It  is  to  be 
expected  that  the  biological  half-life  would  increase  as 
the  binding  of  paraben  with  protein  increases. 


SUMMARY 


1.  The  binding  of  a  series  of  p-hydroxybenzoates  by 
bovine  serum  albumin  has  been  investigated  by  equi¬ 
librium  dialysis,  solubility  and  spectrophotometr ic 
techniques . 

2.  The  degree  of  binding  increased  from  methyl,  to 
ethyl  to  propyl  to  butyl  to  hexyl  to  heptylpar aben . 

The  relative  binding  affinities  were  obtained 
graphically  and  free  energy  change,  AF°;  enthalpy 
change,  A H°  and  entropy  change,  A S°  were  computed. 

The  contribution  of  hydrophobic  bonding  to  the  para- 
ben-protein  interaction  has  been  discussed. 

3.  The  pH  profile  on  paraben-prote in  interaction  has 
been  studied. 

4.  Spectrophotome tr ic  studies  on  the  paraben-prote in 
interaction  showed  that  there  was  a  hypochromic 
effect  due  to  the  interaction,  and  the  magnitude  of 
hypochromism  in  the  case  of  binding  of  methyl,  ethyl, 
propyl  and  butylparaben  increased  as  the  concentration 
of  BSA  was  increased. 

5.  It  was  demonstrated  by  an  _in  vitro  microbiological 
procedure  that  the  antifungal  activity  of  methyl  and 
propylparaben  was  primarily  a  function  of  free  drug. 
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